The purpose of the present study was to evaluate whether micronutrient supplementation improved the nutritional status of women with poor diets during the inter-pregnancy interval. Fifty-five women who had given birth to a low birth weight baby (,2´5 kg), and who planned to have a further pregnancy, were recruited to a prospective randomised study in East London, UK. Of the fifty-five mothers recruited, forty-four (78 %) met fewer than four of sixteen dietary reference values according to the information provided in a 7 d diet diary, and were categorised as having an`inadequate' diet. Half of the mothers in the`inadequate'-diet group were randomly assigned to receive a micronutrient and a single cell oil supplement containing docosahexaenoic acid. All participants received dietary advice based on analysis of their diet diaries, and general lifestyle advice on preparing for pregnancy. Mothers had a blood sample taken at 3 and 9 months post-partum to measure their folate, Fe stores and fatty acid status. Mean serum and erythrocyte folate levels increased significantly between 3 and 9 months post-partum in both the adequate-diet group and the supplemented group. At 9 months post-partum, over half of the unsupplemented, inadequate-diet group remained severely deficient in folate (serum folate ,230 nmol/l) and had low serum ferritin levels (,15 mg/l). The high prevalence of inadequate diets in this inner-city population and the low motivation of women to participate in a nutrition programme suggests that consideration should be given to the provision of free folate and Fe supplements to all women in this and similar populations, or at least to women who have delivered a low birth weight baby, who plan further pregnancies.
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Folic acid: Iron: Pregnancy interval: Low birth weight
It is widely accepted that maternal nutrition before and during the first trimester of pregnancy is important in relation to birth weight (Doyle et al. 1990; Scholl et al. 1997) and to birth defects (Wald et al. 1991; Czeizel, 1993; Shaw & Lammer, 1995) . However, little is known about maternal post-delivery micronutrient status, and if deficiencies are present, how long it takes to restore maternal nutrient stores. Women who have previously had a low birth weight baby are at increased risk of doing so again (Raine et al. 1994) . Both prematurity and intra-uterine growth retardation may be partly due to poor maternal nutrition but the relative importance of individual nutrients and the importance of non-nutritional factors are likely to differ.
These observations prompted us to investigate the feasibility of developing programmes of nutrition counselling targeting women who have already delivered a baby weighing ,2´5 kg at birth, with the aim of restoring their nutrient status in the inter-pregnancy interval.
A pilot study on nutrition counselling was undertaken in Hackney, London, where the incidence of low birth weight is among the highest (9´7 % of live births) in England and Wales (Office of National Statistics, 1998). In that study, forty-one women who had previously had a low birth weight baby and had been shown to have poor dietary intakes were exposed to 6 months intensive nutrition counselling, but failed to improve their nutritional intake. The results led us to conclude that nutrition counselling per se in the inter-pregnancy interval did not significantly improve the nutritional intake of many women in this socially disadvantaged population (Doyle et al. 1999) .
The purpose of the present study is to evaluate the feasibility of using a broad spectrum multivitamin±mineral and a docosahexaenoic acid supplement as an adjunct to nutrition counselling during the inter-pregnancy interval in women shown to have an inadequate diet, who have delivered a low birth weight baby, and plan a further pregnancy at some time in the future.
The principal markers of nutritional status chosen were folate and docosahexaenoic acid status, both of which correlate well with supplemented intake (Blonk et al. 1990; Cuskelly et al. 1996) , and Fe which we have previously found to be poor in girls from this population during puberty (Doyle et al. 1994) . This paper reports the effects upon overall diet and upon folate and Fe status. Fatty acid status will be reported separately.
Methods
Approval to undertake this study was obtained from the East London and City Health Authority Local Research Ethics Committee. Recruitment of mothers commenced in June 1997 and ended in March 1998; mothers who had had a low birth weight baby (,2 500 g) at the Homerton Hospital, London, were approached by the research dietitian while still in hospital. The study was fully explained to the mother and informed signed consent was sought prior to participation in the study.
Criteria for exclusion from the study included women who had had a stillbirth or neonatal death, who were already taking a dietary supplement or who were unable to speak English. Those who had diabetes, sickle cell disease or chronic medical problems, such as essential hypertension and thyroid disease, or who were known to be HIV-positive were also excluded.
Eight weeks after the birth of their baby, mothers were asked to visit the Mother and Baby Clinic, a drop-in clinic for women wanting dietary advice relating to pregnancy, sited in the centre of Hackney, London. They were given £10 for each visit to the clinic to cover travel expenses and as a gesture for the inconvenience caused. They were asked to keep a 7 d diet diary, analysis of which was used to categorise mothers into an`inadequate'-or an`adequate'-diet group. The energy and nutrient content of their diets, as described in their diet dairies, were calculated using FOODBASE q (Institute of Brain Chemistry & Human Nutrition, University of North London, London N7 8DB, UK), a nutritional analysis program based on McCance and Widdowson's The Composition of Foods (Paul & Southgate, 1991) , with enhanced fatty acid data produced by the Institute of Brain Chemistry and Human Nutrition, London.
An`inadequate' diet was arbitrarily defined as one which was assessed as meeting fewer than four of sixteen dietary reference values (Department of Health, 1991), calculated from 7 d diet diaries recorded by mothers at the outset of the study. The sixteen dietary reference values considered were: energy, protein, Fe, Ca, Mg, Zn, I, Cu, vitamin A, thiamin, riboflavin, niacin, vitamin B 6 , vitamin B 12 , folic acid and vitamin C. Using shuffled envelopes sub-stratified by ethnic origin, mothers in the`inadequate'-diet group were randomly allocated to a supplemented group (group 2) or an unsupplemented group (group 3) (Fig. 1) . The supplement was provided free of charge to group 2. Assignment of women into groups 2 and 3 was enforced throughout the study regardless of recruits dropping out.
All mothers who completed a diary received a written report with dietary advice based on the information provided in the diary. Although a previous study (Doyle et al. 1999) had not proved successful in improving the diets of many women in this population, it was believed appropriate to provide mothers with this feedback if they had filled in a diary. They were also provided with general lifestyle advice on smoking, alcohol and drug use when preparing for pregnancy. In addition to the report, mothers in group 2 were provided with a multivitamin±mineral (Neovin; Numico Research, Wageningen, The Netherlands) and a docosahexaenoic acid supplement (DHASCO, Martek, Columbia, MD, USA) ( Table 2 ). All mothers were contacted, on average, every 3 weeks to keep in touch, and to assess and encourage compliance with the supplemented group. At the end of the 6-month period (9 months post-partum) all women were invited to keep a second 7 d diary to assess changes in their diet.
Of 224 mothers who were eligible, only thirty-eight completed the study (Fig. 2) . These constituted 31 % of the eligible sample and 42 % of mothers who agreed to participate. They included eleven in group 1, eleven in group 2 and sixteen in group 3. Of the seventeen mothers allocated to group 2, six dropped out because they did not like the supplement (Fig. 2) . The remaining mothers in the supplemented group reported that they took the supplement five or more days per week. Only two mothers, both in group 1, were breast-feeding at the time of recruitment to the study (3 months post-partum); both discontinued during the first 3 months of the study. Mothers recruited to the study had a blood sample (10 ml) taken at 3 months and 9 months post-partum. Full blood counts were measured on samples of EDTAstabilised whole blood using a Coulter STKS analyser (Beckman Coulter, High Wycombe, HP1 1JU, UK) on the day of collection. The EDTA sample was also used for erythrocyte folate analysis. Blood samples were centrifuged within 1 h of being taken and stored as subsamples at 2308C. Folate and ferritin were analysed using the IMx System (Abbots, Nordon Rd, Maidenhead, SL6 4XF), a fully automated immunoassay analyser. Serum ferritin was measured using microparticle enzyme immunoassay and erythrocyte and serum folate by ion capture technology. Blood samples were analysed at the Homerton Hospital where both analysers used were routinely subjected to quality assurance checks.
Erythrocyte folate concentrations ,230 nmol/l are considered to be severely deficient, while concentrations between 230 nmol/l and 345 nmol/l indicate marginal status (Sauberlich et al. 1974) . The normal range for serum folate concentration is considered to be between 7 nmol/l and 46 nmol/l (Dacie & Lewis, 1995) . The WHO lower limit for normal haemoglobin concentration for women is 120 g/l (World Health Organization, 1972) ; the normal range for serum ferritin concentration for women is considered to be 15±150 mg/l (Sauberlich et al. 1974) .
The Statistical Package for the Social Sciences (1999; SPSS Inc, Chicago, IL, USA) was used to analyse the data. Statistical analysis included means, standard deviations, paired samples t tests, the Mann-Whitney U test, linear regression, and Fisher's exact test. Table 2 provides background information on mothers who completed the study. There were no statistically significant differences in the variables listed between the women who did and did not have an adequate diet. The age range was wide, with two teenage mothers in the inadequate-diet unsupplemented group and one in the adequate-diet group. There were similar proportions of manual workers among those who did and did not have an adequate diet in each group; disposable income was not recorded. 
Results

Sample
Ethnic origin (n) Caucasian 7 5 9 Afro-Caribbean 4 4 6 Asian 0 2 1 Non-manual (n) 5 5 6 Smokers (n) 1 3 4 Preterm birth (,37 weeks) (n) 5 6 1 0 Birth weight ,10th centile (n) 3 6 9 83 Inter-pregnancy folate and iron status
Dietary intakes
Of the mothers (n 55) who agreed to participate, 60 % completed dietary assessments (Fig. 2) . The main reason provided by the mothers for not completing the diary was lack of time. Seventy-eight percent of the mothers met fewer than four of the sixteen dietary reference values and were therefore considered to have an inadequate diet. Mothers whose diets were assessed as inadequate were younger than those in the adequate-diet group (P,0´05), but there was no significant difference in the proportion of ethnic minorities, cigarette smokers and non-smokers, nonmanual occupations and manual or unemployed, or marital status, in the adequate-and inadequate-diet groups. Table 3 shows a comparison of the mean intakes of mothers whose diets were assessed as being adequate or inadequate. There were significant differences between the intake of energy and all nutrients in Table 3 (P,0´001, except Zn P 0´001Y vitamin B 12 P 0´002Y and vitamin A P 0´005X
Only nine of the thirty-eight mothers kept a second diary at 9 months post-partum, three mothers assessed initially as having an adequate diet (group 1) and six mothers assessed as having an inadequate diet (one in group 2 and five in group 3). None of the mothers had significantly changed their energy or nutrient intakes from food sources.
Folate and iron status 3 months post-partum
At 3 months post-partum, mothers assessed as having an inadequate diet had a significantly lower mean serum folate level (P,0´005) than those with an adequate diet (Table  4) . Over 60 % of the former and 27 % of the latter group had serum folate levels ,7 nmol/l, the lower level of the normal range.
A high proportion of mothers (56 %) assessed as having inadequate diets also had erythrocyte folate concentrations ,230 nmol/l indicating severe deficiency, while a further Six out of thirty-eight mothers (16 %) in the study were found to be anaemic (,120 g haemoglobin/l) at the beginning of the study, five of whom were in the inadequate-diet group.
Of all participants, 50 % had serum ferritin levels ,15 mg/l, indicating low Fe stores. No association was found between calculated Fe intake and measures of Fe status. However, regression analysis showed a significant positive relationship between serum ferritin and vitamin C intake (P,0´001, r 2 0´345), an enhancer of non-haem Fe absorption.
Changes in folate and iron status between 3 and 9 months post-partum
Mean serum folate, erythrocyte folate and serum ferritin levels increased significantly during the study period in women in the supplemented group (group 2), as did erythrocyte folate in the adequate-diet group (group 1), but there were no significant increases in Fe or folate levels in women with poor dietary intakes who did not receive a supplement (group 3) ( Table 5 ). The proportion of mothers with low or marginal erythrocyte folate status fell dramatically in group 1 and group 2 while over half (56 %) of group 3 remained below 230 nmol/l and a further 32 % below 345 nmol/l. Serum ferritin levels of two mothers in the supplemented group (18 %) remained ,15 mg/l at 9 months post-partum compared with four (36 %) mothers in the adequate-diet group, and nine (56 %) mothers in unsupplemented, inadequate-diet group. Overall, the mean haemoglobin levels did not change significantly in any group.
Discussion
Unfavourable pregnancy outcomes, including low birth weight and preterm delivery, have been associated with short birth-intervals (Miller, 1989; Rawlings et al. 1995; Bao-Ping et al. 1999) . Bao-Ping et al. (1999) reported that infants conceived 18±23 months after a previous live birth had the lowest risks of adverse outcomes including low birth weight, preterm birth and small size for gestational age. Klerman et al. (1998) , in a study of a low-income population, found that the percentage of preterm births increased as the inter-pregnancy interval decreased.
The mechanism of the adverse effects of short pregnancy intervals has not been established, but the leading theory involves the incomplete restoration of the mother's physiologically critical nutrient reserves that are depleted during the course of pregnancy (Khan et al. 1998 ).
The present study confirmed our previous observation that mothers of low birth weight babies in this population are not receptive to a nutrition counselling programme designed to improve the nutritional status of mothers assessed as having an inadequate diet (Doyle et al. 1999) . Table 5 . Serum and erythrocyte folate, serum ferritin and haemoglobin levels of mothers, no. below normal range at 3 and 9 months post-partum, and significance of difference at 9 months post-partum, by treatment group* (Mean values and standard deviations)
Adequate' diet, unsupplemented(group 1, n 11)`I nadequate' diet, supplemented (group 2, n 11)`I nadequate ' diet, unsupplemented (group 3, n 16) In that nutrition counselling study, seventy-seven of 111 eligible mothers participated. Of these, the calculated micronutrient intake of seventy was arbitrarily defined as inadequate', meeting fewer than four of sixteen dietary reference values (Department of Health, 1991); forty-one of the seventy mothers completed the 6-month counselling programme satisfactorily. The fact that only fifty-five of 124 eligible women in the present study completed even the first diet diary is indicative of the difficulties. This was a heterogeneous group of mothers, some of whose babies were small but well, while others had acute medical problems, such as hypoglycaemia and suspected early neonatal infections requiring medical intervention. The reasons for the lack of efficacy of counselling are unclear, but one perception which requires study is that many women do not recognise the birth of a small but well baby as a problem. However, the findings of other nutrition intervention studies during pregnancy failed to show any clear relationship between nutritional knowledge, attitude and behaviour, reporting improvements in nutrition knowledge, but this did not lead to significant improvements in nutrient intake (Anderson et al. 1995; Beliza Ân et al. 1995) .
In a systematic review of effectiveness of interventions to promote healthy eating in pregnant women and women of childbearing age, van Teijlingen et al. (1998) suggested that it was not possible to conclude whether or not healthyeating interventions are effective, even during pregnancy. Clearly more inter-disciplinary research is required into effective methods of improving nutritional intakes of socially disadvantaged populations. The method of dietary assessment and allocation of mothers to an inadequate diet on the basis of meeting fewer than four dietary reference values (Department of Health, 1991) was effective in differentiating between the adequate and inadequate groups as evidenced by the observed improvement in the folate and Fe status of the unsupplemented, adequate-diet group, while the unsupplemented, inadequate-diet group did not improve. However, women were reluctant to complete a diet diary as shown by the loss of recruits at that stage of the study (see Fig. 2 ). Further, the dietary analysis requires specialist knowledge and the technique would not be practicable as a routine clinical tool.
The incidence of folate deficiency was higher (47 % of all mothers at 3 months post-partum) than reported by Chanarin (1979) who found that 25 % of women suffered from severe folic acid deficiency at the end of pregnancy. Despite the number of women completing the study being low, it was observed that women in the adequate-diet group spontaneously improved their folate status. In contrast, in the unsupplemented, inadequate-diet group, the number of women with low folate levels increased during the study period. From their reported diet diaries, mothers in the adequate-diet group were more than twice as likely to consume breakfast cereals fortified with folate and in some cases, Fe, than those in the inadequate-diet groups. Consumption of fortified breakfast cereals should be encouraged in all mothers throughout the reproductive cycle, including post-partum.
Low ferritin levels were common across all groups at 3 months post-partum, but particularly in the unsupplemented, inadequate-diet group. The failure to improve serum ferritin levels supports the findings of Taylor et al. (1982) who reported that, in the absence of supplementation, it appears to take up to 2 years for a mother to replenish her Fe stores after pregnancy. No other published work on supplementation in the inter-pregnancy interval was identified.
Dietary supplementation of women with inadequate diets with vitamins and minerals was partially effective, but the results would suggest that at this dosage (Table 1) , a longer period is required to restore levels to the normal range. This study confirms the practical difficulty in this population of detailed dietary assessment to select women for supplementation. The supplement dosage used in this study would not have adverse effects if taken by women with an adequate diet and consideration should be given to recommending routine folate and Fe supplementation to all women from this and similar populations, or at least to women who have had a small baby and who plan further pregnancies.
